SUBSTITUTE SPECIFICATION 
Apparatus for Preparing Oxide Thin Film and Method for Preparing the Same 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method for preparing an oxide thin film and an 
apparatus for the preparation of the same, and more specifically to a method for the 
preparation of an oxide thin film according to the chemical vapor phase growth technique 
(C VD) and an apparatus for the preparation of the same. 

Description of the Prior Art 

[0002] There have actively been investigated chemical vapor phase growth techniques 
which are excellent in the film-forming ability even at steps (or excellent in the step 
coverage) and which permit the mass-production of such a film in order to respond to the 
recent demand for a high level of integration of semiconductor elements. Among them, 
when preparing a thin film of, for instance, an oxide of a paraelectric material such as Si0 2 , 
Ti0 2 , A1 2 0 3 , Ta 2 0 5 , MgO, ZiC 2 , Hf0 2 , (Ba, Sr) Ti0 2 or SrTi0 3 ; or an oxide of a 
ferroelectric material such as Pb (Zr, Ti) 0 3 , SrBi 2 Ta 2 0 9 or Bi 4 Ti 3 0 12 , oxygen atoms in the 
resulting film are lost and this leads to the inhibition of any satisfactory epitaxial gro wth of 
the film. Accordingly, the insulating property of the resulting film is reduced for the films of 
oxides of paraelectric materials and oxides of ferroelectric materials. 

[0003] The reduction of these characteristic properties would be originated from the 
decomposition processes of organic materials used as raw materials. The decomposition 
processes of organic materials have not yet been clearly elucidated, but it has been estimated 
that the organic material by nature is decomposed into several tens of intermediates and 
stable molecules during its decomposition step. It would be considered that only parts of 
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metal atom-containing molecules among them contribute to the formation of a film. 
Moreover, characteristic properties of the resulting films differ from one another depending 
on each specific decomposition step at which the metal atom-containing molecules are 
obtained, the molecules being then introduced into a film-forming chamber in order to make 
them react on a substrate. For instance, when a film is formed using the metal-containing 
molecules obtained at a step in which the organic raw material is not yet sufficiently 
decomposed, a large quantity of organic components are taken in the resulting film and this 
may impair the crystallizability of the film. On the other hand, when a film is formed using 
the metal-containing molecules obtained at a step in which the organic raw material is 
excessively decomposed, there is observed the gas phase decomposition and particles are 
thus formed in a large quantity. Nevertheless, the conventional oxide thin film-forming 
methods do not define the conditions which are applied while taking into consideration such 
decomposition processes of raw materials and the conventional oxide thin film-forming 
apparatuses also do not have a structure which is applied while taking into consideration such 
decomposition processes of raw materials. Therefore, the resulting thin film never has 
satisfactory and desired characteristic properties as compared with those observed for a 
single crystalline film. 

[0004] In the case of the conventional oxide thin film formed according to the CVD 
technique, for instance, a ferroelectric oxide material such as a Pb(Zr, Ti)0 3 (hereunder 
referred to as "PZT" ) film, it is in general difficult to prevent the occurrence of any crystal 
defect and it was found that the film had a leak electric current density of about 1E-6. In 
this case, if the amount of oxygen (the rate of oxygen flow rate in the film-forming gas) to be 
incorporated into a raw material is increased, such a leak electric current density may be 
reduced. However, the increase in the oxygen amount leads to the inhabitation of any 
movement of atoms during crystal growth, and thus the resulting film lias a high rate of an 
amorphous film and/or a paraelectric layer whose orientation differs from that observed for 
the ferroelectric film and accordingly, the resulting film is inferior in the ferroelectric 
characteristic properties. Contrary to this, when reducing the rate of oxygen flow rate, the 
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resulting film has a structure quite close to that of the epitaxially grown film or comprises 
regularly oriented molecules, but there has been observed a large amount of residual organic 
substances and oxygen defects and this leads to an increase of the leak electric current 
density. In this case, a raw material such as Pb(thd) 25 Zr(dmhd) 4 or Ti(i-PrO) 2 (thd) 2 is a 
solid at ordinary temperature and therefore, a PZT film is formed by conveying the raw 
material in the form of a solution in a solvent such as tetrahydrofuran or cyclohexane; 
vaporizing the solution at a high temperature; admixing the vapor with oxygen gas; and then 
introducing the resulting mixture in a CVD reaction chamber to thus deposit a PZT film on a 
substrate. In this respect, the raw gas admixed with oxygen is introduced into the reaction 
chamber while the gas is decomposed. 

BRIEF SUMMARY OF THE INVENTION 
Problems to be solved by the Invention 

[0005] Accordingly, it is in general an object of the present invention to solve the 
foregoing problems associated with the conventional techniques and more specifically, it is 
an object of the present invention to provide a method for preparing a thin film according to 
the chemical vapor phase growth method which permits the production of an oxide thin film 
having excellent characteristic properties by optimizing the rate of the oxidation gas flow rate 
and the activation of the raw gas, and further by reducing the occurrence of oxygen defects 
of the oxide thin film obtained from the foregoing organic material and simultaneously 
promoting the epitaxial growth of the thin film to thus improve the quality of the resulting 
film, as well as an apparatus for preparing such an oxide thin film. 

Means for solving the problems 

[0006] According to an aspect of the present invention, there is provided a method for 
preparing an oxide thin film on a substrate which comprises the steps of admixing a raw gas 
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obtained through the vaporization of a raw material for the oxide thin film, a carrier gas for 
assisting the transport of the raw gas and an oxidation gas in a gas-mixing unit and supplying 
the resulting gas mixture on a heated substrate placed in a reaction chamber as a chemical 
vapor phase growth apparatus through a shower plate to thus make the gas mixture react 
with one another, wherein a rate of oxidation gas flow rate is not less than 60% , preferably 
60% ~ 95%, on the basis of the gas mixture, If the rate of the oxidation gas is less than 60%, 
the leak electric current increases due to the oxygen loss, The use of the oxidation gas that a 
rate of tire oxidation gas flow rate is not less than 60% would permit the realization of the 
desired epitaxial growth and the production of a crystal almost free of defects. Moreover, 
an inert gas flows through an evaporator and therefore, the upper limit of the rate of oxidation 
gas flow rate is in general 95%. 

[0007] According to an another aspect of the present invention, there is provided a 
method for preparing an oxide thin film on a substrate which comprises the steps of 
admixing a raw gas obtained through the vaporization of a raw material for the oxide thin 
film, a carrier gas and an oxidation gas in a gas-mixing unit and supplying the resulting gas 
mixture on a heated substrate placed in a reaction chamber as a chemical vapor phase growth 
apparatus through a shower plate to thus make the gas mixture react with one another, 
wherein the method comprises the steps of forming an initial layer as a seed layer using the 
gas mixture and then forming a second layer using the gas mixture containing oxidation gas 
in a flow rate higher than that used for forming the initial layer, in succession, When forming, 
in succession, the initial and second layers while changing the rate of oxidation gas flow rate, 
the resulting oxide thin film is almost free of defect and has a good flatness. 

[0008] In the foregoing method for preparing an oxide thin film in succession, the flow 
rate of oxidation gas to be used in a film-forming process for farming the initial layer is less 
than 60%>, preferably not less than 0.5% and less than 60%>, and the flow rate of oxidation 
gas to be used in a film- forming process for forming the second layer is not less than 60%, 
preferably 60%>~95%>. If the rate of the oxidation gas flow rate in the film-forming process of 
initial layer is less than 0.5%), the leak electric current increases due to the oxygen loss, and, if 
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the rate of oxidation gas flow rate is over 60%, epitaxial growth of the film is inhibited and 
the orientation of the resulting film is deteriorated. Moreover, if the rate of the oxidation gas 
flow rate in the film-forming process of second layer, is less than 60% the leak electric 
current increases due to the oxygen loss. 

[0009] In the foregoing method for preparing an oxide thin film, the gas mixture is 
supplied in the reaction chamber through a gas activating means which is arranged between 
the gas-mixing unit and the shower plate, whereby the state of the gas phase decomposition 
of the raw gas can be controlled and thus the metal atom-containing molecules in a good 
state can be introduced into the reacting chamber to be used for forming the film. Thus, the 
resulting thin film has the excellent characteristic properties. 

[0010] The gas activating means is maintained at such a temperature that, when the raw 
gas is introduced into the shower plate, the raw gas is vapor phase decomposed into metal 
atom-containing molecules, which can prepare a film having desired characteristic properties, 
in the gas activating means. By maintaining the gas activating means at the temperature that 
is able to control the state of gas phase decomposition of the raw gas, the film having the 
excellent characteristic properties can be prepared. In this case, the gas activating means 
should be maintained at a temperature ranging from a temperature without causing any 
liquefaction or deposition of the raw gas to that without causing film -formation thereof. This 
temperature is dependent on the raw gas to be used. In general, this temperature is within the 
range of room temperature to 400°C, preferably 165~360°C, more preferably 165~250°C. 

[001 1] It is preferred that the foregoing method makes use of a gas selected from the 
group consisting of oxygen, ozone, N0 2 and N 2 0 as the oxidation gas. 

[0012] It is preferred that the foregoing method makes use of the career gas used is an 
inert gas selected from the group consisting of nitrogen, helium, argon, neon and krypton 
gases as the carrier gas. 

[0013] In the foregoing method, the substrate is preferably one prepared from a material 
selected from the group consisting of Pt, Ir, Rh, Ru, MgO, SrTi0 3 , Ir0 2 , Ru0 2 , SrRu0 3 and 
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LaNi0 3 . 

[0014] In the foregoing method for preparing the oxide thin film, the raw material for 
preparing the oxide thin film is an oxide of a paraelectric dielectric material selected from the 
group consisting of Si0 2 , TiG 2 , A1 2 0 3 , Ta 2 0 5 , MgO, Zr0 2 , Hf0 2 , (Ba, Sr)Ti0 2 and SrTi0 3 ; 
and an oxide of a ferroelectric material selected from the group consisting of Pb(Zr, Ti)0 3 , 
SrBi 2 Ta 2 0 9 and Bi 4 Ti 3 0] 2 . 

[001 5] In the foregoing method for preparing the oxide thin film, when prescribed atoms 
present in the oxide thin film to be prepared easily diffuse into the substrate, an epitaxial 
growth is realized by increasing an amount of the atom in the initial layer to a level higher 
than that used in the case of the substrate into which the atom hardly diffuses. 

[0016] According to a further another aspect of the present invention, there is provided 
an apparatus for preparing an oxide thin film on a substrate by admixing a raw gas obtained 
through the vaporization of a raw material for the oxide thin film, a carrier gas and an 
oxidation gas in a gas-mixing unit and supplying the resulting gas mixture on a heated 
substrate placed in a reaction chamber as a chemical vapor phase growth apparatus through a 
shower plate to thus make the gas mixture react with one another, wherein a gas activating 
means is arranged between the gas-mixing unit and the shower plate. 

[0017] The above gas activating means is equipped with a heating means. The gas 
activating means may be a pipe line between the gas-mixing unit and the shower plate. 

[0018] According to the present invention, as discussed above, by using the oxidation 
gas of specified rate of flow rate, and/or by using specified gas activating means, optimized 
decomposition step of the raw gas can be obtained, and the good epitaxial growth without 
oxide defect is realized and thus the oxide thin film having excellent characteristic properties 
can be prepared. 
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Effect of the invention 

[0019] According to the present invention, it is accomplished an effect that the epitaxial 
growth of a film is promoted and a oxide thin film having regular orientation and, a low leak 
current density and whose spontaneous polarization is saturated at a low voltage can be in 
fact prepared by using the oxidation gas of rate of the flow rate such that prescribed the 
partial pressure of the oxygen is obtained, or by reducing the oxygen partial pressure in the 
raw gas mixture used for the preparation of a seed layer (an initial layer ) during the 
nucleation and increasing the oxygen gas flow rate in the subsequent growth of the film. 
Moreover, metal atom-containing molecules obtained in the decomposition step of the raw 
gas which permits the preparation of films having good characteristic properties are 
introduced into the reaction chamber to use the molecules for the preparation of the oxide 
thin film. Thus, it becomes possible to prepare the thin film having an improved oxygen 
defects, Furthermore, by arranging the gas activating means between the gas-mixing unit and 
the shower plate, there is accomplished an effect that there can be provided an apparatus for 
preparing the thin film having the improved oxide defect, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 is a schematic diagram showing an example of the structure of a thin 
film-forming apparatus according to the present invention. 

Fig, 2 is a schematic diagram showing the structure of a sample used for the evaluation 
of film characteristics in each Example. 

Fig. 3 is a graph showing the dependency of the leak electric current density of a PZT 
thin film, observed when a voltage of 1.5 V is applied thereto, on the surface area of inner 
wall of the gas activating means. 

Fig. 4 is a graph showing the dependency of the polarization-inversion charge density 
of a PZT thin film observed when a voltage of 2.0 V is applied thereto, on the surface area of 
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inner wall of the gas activating means. 

Fig. 5 is a graph showing the dependency of the polarization-saturation voltage of a 
PZT thin film on the surface area of inner wall of the gas activating means. 

Fig. 6 is a graph showing the dependency of the leak electric current density of a PZT 
thin film, observed when a voltage of 1.5 V is applied thereto, on the rate of oxygen flow rate 
in the gas mixture on the basis of the total gases introduced. 

Fig. 7 is a diagram showing the X-ray diffraction pattern observed for a PZT thin film. 

Fig. 8 is a graph showing the dependency of the rate of the PZT (111) intensity, on the 
basis of the total orientation intensity of a PZT thin film as determined by the XRD, on the 
flow rate of oxygen in the film-forming gas. 

Fig. 9 is a graph showing the dependency of the leak electric current density of a PZT 
thin film, observed when a voltage of 1.5 V is applied thereto, on the flow rate of oxygen 
used in the preparation of the initial layer. 

Fig. 10 is a graph showing the dependency of the polarization-inversion charge density 
of a PZT thin film, observed when a voltage of 2.0 V is applied thereto, on the flow rate of 
oxygen used in the preparation of the initial layer. 

Fig. 1 1 is a graph showing the dependency of the polarization-saturation voltage on the 
flow rate of oxygen used in the preparation of the initial layer. 

Fig. 12 is a graph showing the dependency of the leak electric current density of a PZT 
thin film, observed when a voltage of 1.5 V is applied thereto, on the flow rate of oxygen 
used in the preparation of the initial layer. 

Fig. 13 is a graph showing the dependency of the polarization-inversion charge density 
of a PZT thin film, observed when a voltage of 2.0 V is applied thereto, on the flow rate of 
oxygen used in the preparation of the initial layer. 

Fig. 14 is a graph showing the dependency of the polarization-saturation voltage of a 
PZT thin film on the flow rate of oxygen used in the preparati on of the initial layer. 
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Fig. 15 is a diagram showing the X-ray diffraction (XRD) pattern observed for a PZT 
thin film. 

Fig, 16 is a graph showing the dependency of the rate of the pyrochlore phase in the 
XRD intensity on the composition of Pb/(Zr+-Ti). 

Fig. 17 is a graph showing the dependency of the rate of the pyrochlore phase in the 
XRD intensity on the composition of Pb/(Zrf Ti) present in the initial layer. 

Fig. 1 8 is a graph showing the dependency of the polarization-in version charge density 
on the composition of Pb/(ZrrTi) present in the initial layer. 

Fig. 19 is a graph showing the dependency of the polarization-saturation voltage on the 
composition of Pb/(Zr+Ti) present in the initial layer. 

Fig. 20 is a graph showing the dependency of the rate of the pyrochlore phase in the 
XRD intensity on the composition of Pb/(Zr+Ti) present in the initial layer. 

Fig. 21 is a graph showing the dependency of the polarization-inversion charge density 
on the composition of Pb/(Zr+Ti) present in the initial layer. 

Fig. 22 is a graph showing the dependency of the polarization-saturation voltage on the 
composition of Pb/(Zr+Ti) present in the initial layer. 

Fig. 23 is a graph showing the dependency of the leak electric current density of a PZT 
thin film, observed when a voltage of 1.5 V is applied thereto, on the surface area of inner 
wall of the gas acti vating means. 

Fig. 24 is a graph showing the dependency of the polarization-inversion charge density 
of a PZT thin film, observed when a voltage of 2.0 V is applied thereto, on the surface area of 
inner wall of the gas activating means. 

Fig. 25 is a graph showing the dependency of the polarization-saturation voltage on the 
surface area of inner wall of the gas activating means. 
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DETAILED DESCRIPTION OF THE INVENTION 
Description of the Preferred Embodiments 

[0021] According to the present invention, not only in the case of a film obtained by a 
single film-forming process, but also in the case of a film obtained by the plural film-forming 
processes in succession while changing a rate of the oxidation gas flow rate, it is possible to 
prepare a thin film having good characteristic properties such as a low leak electric current 
densities and a low polarization-inversion saturation voltages. The thin film obtained by 
successive process of the latter is more excellent in the characteristic property than that of the 
former. Furthermore, according to the film-forming apparatus of the present invention, the 
foregoing oxide thin film can be prepared efficiently. 

[0022] The present invention will hereunder be described in more detail with reference 
to Fig. 1 which is a schematic diagram showing an example of the structure of a thin 
film- forming apparatus according to the present invention. 

[0023] The CVD thin film-forming apparatus as shown in Fig. 1 comprises a vacuum 
exhaust system 1, a reaction chamber 2 connected to the vacuum exhaust system 1 through a 
pressure-control valve la, a shower plate 3 arranged at the upper portion of the reaction 
chamber 2, a gas activating means 4, a gas-mixing unit 5, an evaporator 7 serving as a 
vaporization system connected to the gas-mixing unit 5 through a raw gas-pipe line 6. A raw 
material which is evaporated in the evaporator 7 is mixed with a reaction gas and a dilution 
gas in the gas-mixing unit 5, and then a gas mixture thus obtained is introduced into the 
shower plate 3. In the conventional apparatus, this gas mixture is introduced into the shower 
plate directly. Contrary to this, in the present invention, the gas activating means is arranged 
between the shower plate 3 and the gas mixing unit 5, and the gas mixture is introduced into 
the shower plate through the gas activating means. This gas activating means may be, for 
example, a gas pipe line. The pipe line 6 is provided with a valve VI positioned between the 
evaporator 7 and the gas-mixing unit 5, while a pipe line 8 is equipped with a valve V2 
positioned between the evaporator 7 and the vacuum exhaust system 1 so that the evaporator 
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7, the gas-mixing unit 5 and the vacuum exhaust system 1 can be isolated from one another, 
Each of the structural elements for these evaporator 7, gas-mixing unit 5 and vacuum exhaust 
system 1 differ from one another in the maintenance cycle and therefore, when they are 
opened to the air, substances such as moisture which may adversely affect the films formed 
may be adhered to these elements. For this reason, these members are isolated from one 
another to prevent the adhesion of any such harmful substance, More specifically, the 
apparatus of the present invention is so designed that when one structural element is opened 
to the air to perform the maintenance thereof, the other two elements can be maintained at a 
vacuum without opening them to the air. 

[0024] The foregoing gas activating means 4 is equipped with a heating means such as a 
heater, ultraviolet rays heating unit, micro wave heating unit, or plasma heating unit. These 
heating means serve to maintain the gas activating means at the temperature without causing 
any liquefaction, deposition, or film-formation of the raw gas. Thus, while the gas mixture 
passes through the gas activating means, the raw material is vapor phase decomposed in the 
step at which it is possible to obtain the film having good characteristic properties, and the 
gas mixture containing suitable metal atom-containing molecules thus obtained can be 
introduced into the reaction chamber. For this reason, a temperature of the gas activating 
means is set at a temperature from room temperature to 400°C, preferably 165~360°C, more 
preferably 165~250°C to perform the film-forming process, depending on the raw materials 
to be used. If set temperature is too low, deposition of the raw gas is caused, and this would 
result in the generation of particles. If the set temperature is too high, the raw material is too 
decomposed to thus generate of particles. In addition, the gas mixture after passing through 
the gas activating means is preferably introduced into the shower plate directly. 

[0025] Each of the foregoing structural elements will be detailed below. 

[0026] In the reaction chamber 2, there is arranged a stage 2-1 for mounting a substrate 
S to be covered with a desired film, which is provided with a means for heating the substrate 
and a gas mixture for film forming is supplied onto the surface of the substrate heated 
through the shower plate 3. The excess gas mixture which is not used for the reaction with 
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the substrate S 9 the by-product gas generated through the reaction of the gas mixture wi th the 
substrate and a part of the reaction product gas are discharged by the action of the exhaust 
system 1. The shower plate 3 is moderately heated to thus maintain the same to a 
temperature which never causes any liquefaction, deposition and/or film-formation of the 
introduced gas. 

[0027] The shower plate 3 positioned at the upper portion of the reaction chamber 2 
may be equipped with a particle capture or trap serving as a filter for trapping particles 
present in the gas mixture. This particle capture may be arranged at a position immediately 
before the shower hole of the shower plate and it is appropriately and desirably controlled to 
a temperature which can ensure the prevention of any adhesion and/or capture of the 
vaporized specific raw element required for the reaction. 

[0028] The apparatus can easily cope with a variety of pressure conditions for forming a 
film due to the presence of the pressure-control valve la arranged between the foregoing 
exhaust system 1 and the reaction chamber 2. 

[0029] The gas-mixing unit 5 is connected to the evaporator 7 through the pipe line 
equipped with the valve V I and likewise simultaneously connected to two gas sources (for 
instance, an oxidation gas source such as an oxygen source; a dilution gas source such as an 
inert gas (such as nitrogen gas) source) through a valve, a heat-exchanger and a mass 
controller (not shown). The gas mixture prepared by uniformly admixing desired gaseous 
components in the gas-mixing unit 5 passes through the gas activating means 4, is then 
introduced into the reaction chamber 2 through the shower plate 3 and supplied onto the 
surface of the subject on which a film is formed and which is mounted on the stage 2-1 
without forming any laminar flow in the reaction chamber. 

[0030] The oxidation gas supplied from the oxidation gas source and heated to an 
appropriate temperature, the raw gas generated in the evaporator 7 and supplied through the 
pipe line 6 maintained at a temperature which never causes any liquefaction, decomposition 
and/or film-formation of the gas, and the inert gas are introduced into and admixed in the 
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gas-mixing unit 5 to thus form a gas mixture (a uniform mixture of oxidation gas and raw 
gas), The raw gas is a gas mixture containing one or a plurality of raw gases. The gas 
mixture thus prepared is fed to the reaction chamber through the gas activating means 4. 

[0031] These gas activating means 4 and pipe line 6 may be connected to one another 
through a VCR joint and a VCR gasket for a part of the joint of the pipe line is not a simple 
ring, but may be provided with a VCR type particle capture at the hole thereof The joint 
provided with such a VCR type particle capture is desirably set and maintained at a 
temperature higher than that accompanied by the liquefaction, decomposition and/or 
film-formation of the raw gas so as not to cause any adhesion and/or capture of the specific 
vaporized raw element required for the reaction. 

[0032] The gas activating means 4 positioned between the gas-mixing unit 5 and the 
shower plate 3 may be provided with a valve for switching the gas mixture on the secondary 
side of the gas-mixing unit 5. The valve is connected to the reaction chamber 2 at the 
downstream side thereof The valve is opened when a film is formed and it is closed after 
the completion of the film- forming step. 

[0033] The evaporator 7 is connected to a raw material-supply zone 7a and an 
evaporation zone (not shown). The evaporator is so designed that it pressurizes and 
transports liquid raw materials A, B and C prepared by dissolving liquid or solid raw 
materials in organic solvents through the use of a pressurized gas (for instance, an inert gas 
such as He gas), the flow rates of these liquid raw materials fed under pressure are controlled 
by corresponding flow rate controllers and the liquid raw materials are thus transported to the 
evaporation zone by the action of a carrier gas. The evaporator is likewise so designed that 
the liquid raw materials whose flow rates are controlled can efficiently be evaporated in the 
evaporation zone and the resulting raw gas can be fed to the gas-mixing unit 5, The 
evaporation zone permits the mixing and evaporation of a single liquid raw material or a 
plurality of liquid raw materials. The evaporation of a liquid raw material is preferably 
carried out not only by evaporating droplets of the liquid raw material, but also by injecting a 
gas stream to these droplets or applying physical vibrations or ultrasonics to the droplets, 
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converting the liquid particles thus formed into finer particles by passing through a nozzle 
positioned on the wall of the evaporation zone prior to the introduction thereof into the 
evaporation zone and then evaporating these liquid particles to thus improve the evaporation 
efficiency. It is preferred that evaporation members produced from a material excellent in 
the heat conduction such as Al may be disposed within the evaporation zone so that liquid 
particles or droplets can quite efficiently be evaporated in place and to reduce liquid 
particle-evaporation loads of a variety of particle captures. In addition, a particle capture may 
be arranged in the evaporation zone such that any particle originated from the residue 
generated when the liquid raw material is evaporated is never discharged from the 
evaporation zone and that the droplets entering into the zone in a small amount can be 
evaporated without external evacuation of the same by the action of a vacuum. In this 
respect, it is desirable that the evaporation members and the particle capture be maintained at 
an appropriate temperature as an evaporation condition so as to certainly evaporate droplets 
and fine liquid particles which come in contact with these components and to prevent the 
adhesion of any evaporated specific raw element required for the reaction to these 
components and/or the capture of such element by these components. Alternatively , the 
evaporator 7 may likewise be so designed that it comprises a solvent D for the dissolution of 
the raw material and that the resulting solution is introduced into the evaporation zone while 
controlling the flow rate thereof by a flow rate controller to thus evaporate the solution and to 
thus prepare a solvent gas. The solvent gas may be used for the cleaning of the interior of 
the apparatus. 

[0034] As has been described above, the apparatus for preparing the thin film of the 
present invention preferably comprises a reaction chamber 2 having a cylindrical shape and 
the reaction chamber is provided therein with a substrate stage 2-1 likewise having a 
cylindrical shape on which a substrate such as a silicon wafer is mounted. A heating means is 
incorporated into the stage 2-1 to heat the substrate. Moreover, the reaction chamber 2 may 
be provided with a means for freely ascending and descending the stage 2-1 between the 
film-forming position within the reaction chamber and the substrate-conveying position at a 
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lower position in the chamber. The apparatus is likewise so designed that a shower plate 3 
is disposed at the central portion on the upper side of the reaction chamber 2 so that it is 
opposed to the substrate stage 2-1 and that the film-forming gas from which the particles are 
removed can be injected towards the center of the substrate through the shower plate 3. 

[0035] Incidentally, when preparing a thin film on a substrate according to the CVD 
technique such as the MOCVD technique, particles are separated out from a raw gas when 
the temperature of the gas is reduced to not more than a predetermined level and these 
particles may become a cause of film-forming dust within the reaction chamber, For this 
reason, the pipe line for the oxidation gas is provided with a heat-exchanger as a means for 
controlling the gas temperature and a heating means such as a heater is fitted to the outer wall 
of the reaction chamber 2 and/or the substrate stage 2-1 to thus prevent the separation of any 
raw gas. 

[0036] The method for the preparation of the present invention using the apparatus for 
preparing the thin film shown in Fig, 1 would permit the formation of a PZT ferroelectric 
film according to the CVD technique using, as a raw material, an organometal compound, 
for instance, a liquid raw material such as Pb(DPM) 2 , Zr(DMHD) 4 or Ti(i-PrO) 2 (DPM) 2 ; the 
formation of CVD thin film of PZT; and the formation of a B ST ferroelectric film according 
to the CVD technique using a liquid raw material such as Ba(DPM) 2 , Sr(DPM) 2 , or 
Ti(i-PrO) 2 (DPM) 2 ; as well as the formation of a thin film mainly used as a metallic wire 
distribution of, for instance, Cu and Al, a thin film mainly used as a barrier of, for instance, 
TiN, TaN, ZrN, VN, NbN and Al 2 0 3 , or a thin film of a dielectric material such as SBT and 
STO according to the CVD technique. 

[0037] In the present invention, the raw gas is one obtained by heating and vaporizing, a 
raw material which is a gas, liquid or solid in ordinary temperature. Also the raw gas may be 
one obtained by vaporizing a liquid raw material or a solution of a solid raw material in a 
solvent. 

[0038] According to another embodiment of the present invention, the gas mixture also 
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can be introduced into the reaction chamber through a pipe line which is equipped wife the 
foregoing heating means and serves as the gas activating means 4 arranged between the 
gas-mixing unit 5 and the shower plate 3 shown in Fig. 1. The pipe line permits the desired 
activation of the gas if a surface area of inner wall thereof is within the range of 4.8 X 
10" 3 m 2 to 1.28 X 10" ] m 2 Such a structure of the pipe line would permit the activation of the 
raw gas and the realization of excellent epitaxial growth. More specifically, the 
decomposition step of the raw material to be introduced into the reaction chamber can be 
optimized to thus obtain the desired metal atom-containing molecules. Thus, the film is 
formed efficiently and the film properties (such as leak electric current density, 
polarization-inversion charge density and polarization-saturation voltage) are improved. If 
the surface area of inner wall of the pipe line is less than 4.8 X 10" 3 m 2 , the gas of organic 
material is insufficiently decomposed and accordingly, the resulting film has a large amount 
of oxygen loss therein. If the surface area of inner wall thereof is too large, the vapor phase 
decomposition of the raw gas is caused, and a problem arises such that the film- forming rate 
decreased due to deposition on the inner wall of the pipe line, the consumption of the raw 
material increases, and the production cost becomes high due to increases in the surface area 
of the apparatus and the number of parts whose temperature should be controlled. 
Accordingly, the preferred and acceptable upper limit of the internal wall surface area is 

1 2 

about 1.28 X 10" m . Alternatively, depending on an internal diameter of the pipe line, if the 
inner diameter of the pipe line is one which is used in general (almost 10.5 ~ 20.5mm) and a 
length of the pipe line is about 150-1 625mm, it is possible to accomplish the some effect 

[0039] According to the present invention, when using a substrate in which a prescribed 
atom present in the oxide thin film to be produced can easily di ffuse, the amount of the atom 
to be contained in the initial layer is preferably heightened to a level higher than in the 
substrate in which the atom hardly diffuses. This would permit the desired epitaxial growth 
of a film. For instance, in the case of using a substrate, such as Pt or SRO substrate, into 
which Pb can easily diffuse, a ferroelectric film free of any foreign phase and capable of 
saturating the spontaneous polarization at a low voltage could be prepared by increasing the 
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rate of Pb in the seed layer (initial layer). In this regard, Figs. 1 5-22, which will hereinafter be 
explained, make it clear. 

[0040] The present invention having the foregoing construction permits the 
improvement of any oxygen defect. Moreover, the epitaxial growth of a film can be 
promoted and a ferroelectric thin film having a regular orientation and a low leak electric 
current and whose spontaneous polarization is saturated at a low voltage can be prepared by 
forming a seed layer ( an initial layer) during the nucleation in a lower rate of oxidation gas 
flow rate and successively increasing the rate of oxidation gas flow rate to grow a film at the 
oxidation gas rate that is higher than that used in the initial layer 

[0041] The present invention will hereunder be described in more detail with reference 
to the following Examples in which a PZT ferroelectric thin film is prepared according to the 
MOCVD technique using the thin film-forming apparatus shown in Fig. 1, be way of 
example. 

Example 1 

[0042] Solutions of Pb(thd) 2 , Zr(dmhd) 4 and Ti(i~PrO) 2 (thd) 2 as a solid raw material 
which were dissolved in tetrahydrofuran (THF) as a solvent in a concentration of 03 mole/L 
and accommodated in containers A, B and C, respectively, and THF contained in a container 
D were pressurized by helium gas and fed to the evaporator 7 by the action of nitrogen as a 
carrier gas to thus evaporate them therein. The raw gas thus obtained through evaporation 
was transported to the gas-mixing unit 5 through the pipe line 6, the raw gas was admixed 
with oxygen (flow rate of 3500 seem) as an oxidation gas and nitrogen (300 seem) as a 
dilution gas, the resulting mixed gas was then transported to the shower plate 3 through the 
gas activating means 4, and the gas mixture was then fed to the surface of a substrate S 
mounted in the reaction chamber 2 and heated to a temperature of 620°C to deposit a PZT 
thin film and to thus form a desired thin film. 

[0043] In the foregoing film-forming process, the pressure in the reaction chamber was 
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adjusted to about 667 Pa using a pressure control valve la. In general, the pressure in the 
reaction chamber was adjusted to about 133.3Pa ~ 3999Pa so that the pressure in the gas 
activating means 4 is a little higher than that of the reaction chamber. In addition, the 
temperature of the gas activating means needs to control to a level which never causes any 
deposition of the raw material In the case of Pb(thd) 2 complex used in this Example, the 
temperature adjusted to the level ranging from about 210 to 250°C. 

[0044] As has been described above, in this Example, a film was formed while the 
temperature of the substrate S was maintained at 620°C by heating the substrate stage 2-1, 
but the film- forming process was in general carried out at a temperature ranging from about 
500to650°C. 

[0045] The substrate used above was one comprising a Si wafer on which a SiO 2 film 
had been formed through thermal oxidation and a lower electrode had likewise been formed 
on the SiO 2 film surface in the form of a film. The lower electrode may be formed from a 
material such as Pt, Ir, Rh, Ru, MgO, SrTi0 3 , Ir0 2 , Ru0 2 , SrRu0 3 and LaNi0 3 , which are 
oriented in a certain plane direction, but Ir/Si0 2 /Si, Pt/Ti/Si0 2 /Si and SRO/Pt/Ti/Si0 2 /Si 
were used in this Example. 

[0046] As shown in Fig. 2, a PZT ferroelectric oxide thin film was formed on the lower 
electrode according to the foregoing procedures in a thickness of 100 nm, a Pt film as an 
upper electrode was formed on the oxide thin film by the sputtering through a mask (a 
diameter of 0.3 mm) for the evaluation of electric characteristics of the resulting PZT 
ferroelectric oxide thin film. The resulting structure was used in the following Examples as a 
sample for the evaluation of a variety of characteristic properties. 

Example 2 

[0047] In this Example, the dependency of various characteristic properties of the PZT 
thin film on the surface area of inner wall of the gas activating means arranged between the 
gas-mixing unit and the shower plate will be detailed. 
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[0048] Fig. 3 is a graph showing the dependency of the leak electric current density 
(A/cm ) of the PZT thin film, observed when a voltage of 1,5 V is applied thereto, on the 
surface area (m ) of inner wall of the gas activating means. In this case, the rate of oxygen 
gas flowing through the reaction chamber 2 was set at 91% on the basis of the total gas 
supplied. The substrate used was an Ir(l 1 l)-oriented film. The leak electric current density 
was found to be 2.5E~6A/cm 2 in the case of not using the gas activating means (a surface 
area of inner wall is Om 2 ) and 2.0E-7 A/cm 2 for a surface area of inner wall of the gas 

*2 

activating means of 4.8E-3 m . However, if the surface area of inner wall of the gas 
activating means was increased, the leak current density was reduced and it reached a 
minimum value of 7.5E-8A/cm 2 at the surface area of inner wall of 2.1E-2 m 2 . On the 
other hand, if the surface area of inner wall was further increased, the leak current density 
was increased and it was found to be L7E-7A/cm 2 for a surface area of inner wall of 
5.2E-2m 2 . 

[0049] Fig. 4 is a graph showing the dependency of the polarization-inversion charge 
density of the PZT thin film, observed when a voltage of 2.0 V is applied thereto, on the 
surface area of inner wall of the gas activating means. In this case, the rate of oxygen gas 
flow rate and the substrate used were the same as those used above. The 
polarization-inversion charge density of the film was found to be 28|aC/cm 2 without using 
the gas activating means and 39|LiC/cm 2 at a surface area of inner wall of 4.8E-3 m 2 
However, it was increased as a surface area of inner wall was increased and the charge 
density reached a maximum value of 48jj,C/cm 2 at the surface area of inner wall of 2. 1 E-2 m 2 
On the other hand, if a surface area of inner wall was further increased, the 
polarization-inversion charge density was reduced and it was found to be 40jj£Ycm 2 at 
surface area of inner wall of 5.2E-2m 2 

[0050] Fig. 5 is a graph showing the dependency of the polarization-saturation voltage 
of the PZT thin film on the surface area of inner wall of the gas activating means. In this 
case, the flow rate of oxygen gas and the substrate used were the same as those used above. 
The polarization-saturation voltage of the film was found to be 2.2 V without using the gas 
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activating means and 1.90 V at the surface area of inner wall of 4.8E-3 m 2 . However, it 
was reduced as the surface area of inner wall was increased and the voltage reached a 
minimum value of 1 .7 V at the surface area of inner wall of 2. 1 E-2 m 2 . On the other hand, 
if the surface area of inner wall is further increased, the polarization-saturation voltage of the 
film was increased and it was found to be 1.83 V at the surface area of inner wall of 
5.2E~2m 2 . 

[0051] As has been described above, though the decomposition processes of organic 
materials have not yet been clearly elucidated, it has been assumed that the organic material 
used in this invention is decomposed into several tens of intermediates and stable molecules 
(in the case of THF solvent, at least 200 kinds of intermediates and stable molecules are 
present) during its decomposition step. It would be considered that only parts of metal 
atom-containing molecules among them contribute to the formation of a film, The results 
obtained in this Example clearly indicate that characteristic properties (such as the leak 
current density, polarization-inversion charge density and polarization-saturation voltage) of 
the resulting films differ from one another depending on each specific decomposition step 
from which the metal atom-containing molecules are collected, the molecules being then 
introduced into a reaction chamber in order to make them react on a substrate. 

[0052] The inventors of this invention have determined the decomposition steps of 
metal atom-containing molecules and have found that after mixing the oxidation gas and the 
raw gas obtained through evaporation, the gas activating means which control the state of gas 
phase decomposition are arranged, and that the metal atom-containing molecules obtained at 
the steps which permit the preparation of films having good characteristic properties must be 
introduced into the reaction chamber through the shower plate in order to efficiently form a 
film and to improve the characteristic properties of the resulting film. 

Example 3 

[0053] The dependency of characteristic properties of the PZT thin film on the rate of 
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the oxygen flow rate will be detailed in this Example. 

[0054] Fig. 6 is a graph showing the dependency of the leak electric current density of 
the PZT thin film, observed when a voltage of 1.5 V is applied thereto, on the flow rate of 
oxygen in the gas mixture on the basis of the total gases introduced. In this case, the rate of 
oxygen flow rate is changed within the range of 0.5 - 95%, a surface area of inner wall of the 
gas activating means was set at 2.1E-2 m 2 and the substrate used was an Ir(l 1 l)-oriented film. 
When the oxygen flow rate was 1%, the leak current density was found to be 1E-1 and it was 
gradually reduced as the oxygen flow rate was increased, 

[0055] As shown in Fig. 7, however, the X-ray diffraction (XRD) pattern determined for 
the PZT thin film clearly indicate that the (1 1 l)-orientation intensity observed at an oxygen 
flow rate of 80% (the pattern b in Fig. 7) was significantly reduced as compared with that 
observed at an oxygen flow rate of 5% (the pattern a in Fig. 7). In the case of Fig.7, Pb / (Zr + 
Ti) equal to 1.15. Fig. 8 is a graph showing the dependency of the rate of the PZT(11 1) 
intensity on the basis of the total orientation intensity of the PZT thin film as determined by 
the XRD while changing the rate of oxygen flow rate (0.5 to 95%), in the gas mixture. The 
XRD(lll) intensity was reduced as the oxygen flow rate was increased. From the 
foregoing, it would be recognized that the reduction of the leak electric current density and 
the epitaxial growth of the film are in a trade-off relation. 

[0056] Thus, in this Example, a film was epitaxially grown while changing the oxygen 
flow rate (0.5 ~ 60%) in the gas mixture for using in forming the initial layer (hereunder 
referred to as "initial layer-oxygen flow rate")during nucleation and then the film as the 
second layer is formed thereon in succession while changing the oxygen flow rate to 91%. 
Thus characteristic properties of the resulting PZT thin film were determined, and the results 
are shown in Figs. 9~ 14. 

[0057] Fig. 9 is a graph showing the dependency of the leak electric current density of 
the PZT thin film, observed when a voltage of 1.5 V is applied thereto, on the initial 
layer-oxygen flow rate in the preparation of the initial layer. In this case, the thicknesses of 
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initial and second layers were set at 5 nm and 100 nm, respectively. The leak current 
density was found to be a minimum of 2E-9 for an initial layer-oxygen flow rate of 5% and it 
was increased as the initial layer-oxygen flow rate was increased. It is recognized from the 
Fig. 9 that leak electric current density is sufficiently low even when the rate of oxygen flow 
rate for forming the initial layer is 0.5%, the desired value of the leak electric current density 
is obtained if the rate of oxygen flow rate is up to less than about 60%, preferably up to about 
20%. 

[0058] Fig. 10 is a graph showing the dependency of the polarization-inversion charge 
density of the PZT thin film, observed when a voltage of 2.0 V is applied thereto, on the 
initial layer-oxygen flow rate in the preparation of Hie initial layer. The polarization-inversion 
charge density reached a maximum value of 66 |iC/cm at an initial layer-oxygen flow rate 
of 5% and thereafter, it was reduced as the initial layer-oxygen flow rate was increased. It is 
recognized from the Fig. 10 that the polarization-inversion charge density is sufficiently high 
even when the rate of oxygen flow rate for forming the initial layer is 0.5%, the desired value 
of the polarization-i nversion charge density is obtained if the rate of oxygen flow rate is up to 
less than about 60%, preferably up to about 20%. 

[0059] Fig. 1 1 is a graph showing the dependency of the polarization-saturation voltage 
on the initial layer-oxygen flow rate in the preparation of the initial layer. The 
polarization-saturation voltage reached its minimum value of 1.29 V at an initial 
layer-oxygen flow rate of 5% and thereafter, it was reduced as the initial layer-oxygen flow 
rate was increased. It is recognized from the Fig. 1 1 that the polarization-saturation voltage is 
sufficiently low even when the rate of oxygen flow rate for forming the initial layer is 0.5%, 
the desired value of polarization-saturation voltage is obtained if the rate of oxygen flow rate 
is up to less than about 60%, preferably up to about 20%. 

[0060] Figs. 12, 13 and 14 are graphs showing the dependency of the leak electric 
current density of the PZT thin film, observed when a voltage of 1 .5 V is applied thereto, the 
polarization-inversion charge density of the PZT thin film observed when a voltage of 2.0 V 
is applied thereto and the polarization-saturation voltage, on the initial layer-oxygen flow rate 
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in the preparation of the initial layer, which are observed when the apparatus is equipped 
with the gas activating means (the line a in these figures; the surface area of its inner wall: 
2. 1 E-2m )and not equipped with the gas activating means. The data shown in these figures 
clearly indicate that when the apparatus is equipped with the gas activating means, the 
resulting film has excellent characteristic properties or the film has, a low leak current density, 
a high polarization-inversion charge density and a low polarization-saturation voltage at all 
of the oxygen flow rate (0.5 ~ 95%) examined as compared with those observed that when 
the apparatus is not equipped with the gas activating means. 

Example 4 

[006 1 ] The dependency of characteristic properties of the PZT thin film formed on a Pt 
substrate on the Pb/(Zr + Ti) composition in the initial layer will be detailed in this Example. 
In this case, the surface area of inner wall of the gas activating means arranged between the 
gas-mixing unit and the shower plate was set at 2.08E-02m 2 , the substrate used was a 
Pt/Ti/Si0 2 /Si substrate. 

[0062] A monolayer film was prepared and thus the film-forming process was 
performed at an oxygen flow rate of 91%. Fig. 15 is a diagram showing the X-ray diffraction 
(XRD) pattern observed for the PZT thin film. The film of Fb/(Zr + Ti)=1.15 (the curve a in 
Fig. 15) does not show any peak relating to the perovskite phase of PZT, but only the 
pyrochlore phase was observed. Moreover, there was observed only the PZT perovskite 
monophase for the film of Pb / (Zr + Ti) =1.80 (the curve b in Fig. 15). Fig. 16 is a graph 
showing the dependency of the rate of the pyrochlore phase in the XRD intensity on the 
composition of Pb/(Zr + Ti). There was observed the orientation only for PZT at a Pb/(Zr + 
Ti) of not less than 1.80, provided that these PZT monophase films had extremely high leak 
current densities and never showed any ferroelectric characteristics. 

[0063] Then, an initial layer as a seed layer and a second layer film were formed in 
succession to thus improve the properties of the resulting thin film. The initial layer for 
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forming initial nuclei was formed at an oxygen flow rate of 5% in a thickness of 5 ran, while 
changing the ratio; Pb/(Zr + Ti). The second layer was formed at an oxygen flow rate of 91% 
in a thickness of 100 nm. 

[0064] Fig. 17 is a graph showing the dependency of the rate of the pyrochlore phase in 
the XRD intensity on the composition of Pb/(Zr + Ti) present in the initial layer. From the 
data shown in Fig. 17, it would be estimated that the PZT monophase is formed at a ratio: 
Pb/(Zr + Ti) of not less than 1 .69, 

[0065] Fig. 1 8 is a graph showing the dependency of the polarization-inversion charge 
density on the composition of Pb/(Zr + Ti) present in the initial layer. The 
polarization-inversion charge density increases as the ratio: Pb/(Zr + Ti) in the composition 
of the film increases and the charge density reached a maximum value of 52 jaC/cm 2 at a 
ratio: Pb/(Zr + Ti) of 1 .75 . The polarization-inversion charge density was slowly reduced at 
higher ratios. 

[0066] Fig. 19 is a graph showing the dependency of the polarization-saturation voltage 
on the composition of Pb/(Zr + Ti) present in the initial layer. The polarization-saturation 
voltage was reduced as the ratio: Pb/(Zr + Ti) in the composition of the film increases and it 
reached a minimum value of 1 .56 V at Pb/(Zr + Ti)=l .75 and it was moderately increased at 
the rate higher than 1 ,75. 

[0067] From these results, it would be estimated that the PZT monophase can be 
obtained at a ratio: Pb/(Zr + Ti) ranging from 1.69 to 1.82 and that PbO paraelectric layers 
were mixed therein at a ratio: Pb/(Zr + Ti) of 1 .93. 

Example 5 

[0068] The dependency of characteristic properties of the PZT thin film formed on an 
SrRu0 3 (SRO) substrate on the composition of a initial layer or the ratio: Pb/(Zr + Ti) in this 
Example. 
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[0069] Regarding the SRO substrate, it has been confirmed that Pb diffuses in the SRO. 
In this Example, a initial layer as and a second layer film were formed in succession and the 
resulting film was inspected for the dependency of characteristic properties of the film on the 
ratio: Pb/(Zr + Ti) in the initial layer. 

[0070] Fig. 20 is a graph showing the dependency of the rate of the pyrochlore phase in 
the XRD intensity on the composition of the initial layer or the ratio: Pb/(Zr + Ti). In this 
case, an internal surface area of the gas activating means was set at 2.08E-2m 2 and the 
substrate used was an SRO/Pt/Ti/Si0 2 /Si substrate. An initial layer film was prepared using 
an oxygen flow rate of 91% and a second layer film was prepared using an oxygen flow rate 
of 91%. As will be clear from the data plotted on Fig. 20, the rate of the pyrochlore phase is 
reduced as the ratio: Pb/(Zr + Ti) increases and it was found to be zero at a ratio : Pb/(Zr + 
Ti) of not l ess than 1.31. 

[0071] Fig. 21 is a graph showing the dependency of the polarization-inversion charge 
density on the composition of the initial layer or the ratio: Pb/(Zr + Ti) in the initial layer. 
The charge density increases as the ratio: Pb/(Zr + Ti) increases and it reached a maximum 
value of 56 |iC/cm 2 at a ratio: Pb/(Zr + Ti) of 1 .3 L 

[0072] Fig. 22 is a graph showing the dependency of the polarization-saturation voltage 
on the composition of the initial layer or the ratio: Pb/(Zr + Ti) in the initial layer. The 
polarization-saturation voltage is reduced as the ratio: Pb/(Zr + Ti) increases and it showed a 
minimum value of 1 .41 V at a ratio: Pb/(Zr + Ti) of 1 .3 1 . 

[0073] It is recognized from Figs. 20-22 that PZT monophase is obtained at a ratio: 
Pb/(Zr + Ti) of not less than 1 .3 1 and the film characteristic property is sufficiently. However, 
if the film thickness is about l OOnm, i t is considered that the precipitation of excess Pb on the 
grain boundary brings about the increase of the leak electric current density. Thus, the object 
of the present invention can be accomplished by a continued application of film-formation 
which is performed using the film rich in Pb as the initial layer and the film containing 
reduced Pb as the second layer. 



25 



[0074] Next, PZT thin films were prepared according to the foregoing Examples, 
provided that pipe lines each having a different inner diameter were used as the gas 
activating means, and the properties of the film thus obtained were compared. Table. 1 shows 
the relation between an surface area of inner wall of each pipe line and a length of each pipe 
line when the internal diameter of the pipe line is 10.2mm and 25mm . 



[0075](Table 1) 



Length of the 
pipe line (mm) 


Internal diameter of the pipe 
line : 10.2mm 


Internal diameter of the pipe 
line : 25mm 




Surface area of inner wall (m 2 ) 


Surface area of inner wall (m 2 ) 


40 


1.28E-03 


3.14E-03 


150 


4.80E-03 


1.18E-02 


650 


2.08E-02 


5.10E-02 


1250 


4.00E-02 


9.81E-02 


1625 


5.20E-02 


1.28E-01 



[0076] In the case of the above PZT thin film prepared using the thin film-preparing 
apparatus equipped with the foregoing pipe line as the gas activating means, the rate of the 
oxygen gas fed to the reaction chamber 2 was 91% (as in the case of Fig.3) on the basis of 
the total supply gas (gas mixture) . Fig.23 is a graph showing the dependency of the leak 
current density (A/cm 2 ) of the resulting PZT thin film on the surface areas of inner wall of 
the pipe lines used as the gas activating means when a voltage of 1 ,5V is applied thereto. It is 
clearly recognized from this figure that, if the pipe lines are identical in the surface area of 
inner wall, the leak electric current density of the thin films is almost identical with each 
other even if the pipe lines have the different inner diameter. 

[0077] Fig 24 is a graph showing the dependency of a polarization-inversion charge 
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density when a voltage of 2.0V was applied to the PZT thin film obtained according to the 
foregoing method, and Fig. 25 is a graph showing the dependency of the 
polarization-saturation voltage on surface area of inner wall of a pipe line used the gas 
activating means. It can be clearly recognized from these figures that, if the pipe lines are 
identical in the surface area of inner wall, the polarization-inversion charge density and the 
polarization-saturation voltage of the thin films show the almost same tendency as in the case 
of the leak electric current density, even if the pipe lines have the different inner diameter. 

Description of reference numbers 



[0078] 1 vacuum exhaust system 


1 a pressure control valve 


2 reaction chamber 


3 


shower plate 


4 gas activating means 


5 


gas-mixing unit 


6 raw gas-pipe line 


7 


evaporator 


7a raw material-supply zone 


8 


pipe line 


S substrate 







Industrial applicability 

[0079] According to the present invention, the epitaxial growth of a film is promoted 
and a ferroelectric thin film having regular orientation and, a low leak current density and 
whose spontaneous polarization is saturated at a low voltage can be prepared by using the 
oxidation gas of rate of the flow rate such that prescribed the partial pressure of the oxygen is 
obtained, or by reducing the oxygen partial pressure in the raw gas mixture used for the 
preparation of a seed layer (an initial layer ) during the nucleation and increasing the oxygen 
gas flow rate in the subsequent growth of the film. iMoreover, metal atom-containing 
molecules obtained in the decomposition step of the raw gas which permits the preparation 
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of films having good characteristic properti es are introduced into the reacti on chamber to use 
the molecules for the preparation of the ferroelectric thin film. Thus, it becomes possible to 
prepare the thin film having an improved oxygen defects. For this reason, there can be 
provided a method for the preparation of a ferroelectric thin film having excellent 
characteristic properties. Furthermore, by arranging the gas activating means between the 
gas-mixing unit and the shower plate, there can be provided an apparatus for preparing the 
thin film having the improved oxide defect. These film-forming method and apparatus are 
quite useful in the fields of semiconductor element-production. 
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